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ABSTRACT 
 
 Ergonomic evaluation typically comes late in the automotive design process, often not 
performed until physical mock-ups are produced. This may lead to expensive and cumbersome 
iterations, or to reductions of the final product quality due to low priority of meeting set 
ergonomic requirements. Computer aided design (CAD) is intensively used for design in the 
automotive industry. Performance and usability of computers and software are improving at a 
rapid pace, which enables CAD to be employed even more intensively. This encourages a digital 
design process where expensive, inflexible and time consuming physical mock-ups are only built 
at the end of the design process. This incorporates the risk that ergonomic evaluation will be put 
back even further. A way to address this problem is to enable ergonomics to be evaluated in the 
digital design process - in a virtual product. However, in many cases, evaluation made in a 
physical prototype is unbeatable in establishing ergonomic conditions. This paper discusses 
possible advantages of moving ergonomic evaluation earlier in the automotive design process by 
implementing planned overlapping strategies. It also shows initial results from a project at a car 
company, which aims at improving ergonomics integration in the automotive design process, e.g. 
by looking at task overlapping. These strategies are believed to be applicable both for 
evaluations made in a virtual environment and evaluations performed in the real world. 
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1. INTRODUCTION 
 
1.1 Design and ergonomic evaluation 
 Design is done by humans. Good communication between those involved in the design 
process is essential for increasing the probability of ending up with a competitive product on the 
market. This incorporates communication within design teams but also, and often more difficult, 
communication between different teams involved in the product development process. This is 
especially true in larger projects, e.g. in the design of automobiles or aircraft [1].  
 Figure 1 shows a general model of the core design activity (exploration-generation-
evaluation) surrounded with a ‘communicative environment’, modified from Cross [2]. The aim 
with the model is in particular to display the ‘in-design-communication’, which is important for 
facilitating conditions for successful design, but is sometimes not obvious in design process 
models. The dialog between people involved in the design process is believed to be the most 
important tool in their work compared to written materials and databases [3]. Communication 
between teams can be encouraged through invitations to workshops, or by the establishment of a 
shared language to reduce communication barriers [4]. 
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Figure 1. The design core activity and a ‘communicative environment’. 
 
 
 Since the research is aiming at improving ergonomics integration in the automotive design 
process it make sense to look at communication between ergonomists and designers, in order to 
identifying potential for improvements. Initial findings of communication patterns are given 
below (also see Figure 1): 
A. Ergonomists set ergonomic requirements 
B. Designers interpret the ergonomic requirements and try to find a solution (a design 
proposal) that balances ergonomics and other requirements 
C. Designers and ergonomists have formal/informal contact, (e.g. discussions, project 
meetings, direct or indirect via CAD/PDM system…) 
D. Designers evaluate the design proposal, considering ergonomics amongst other issues 
E. Ergonomists evaluate the design proposal before it is frozen 
F. Ergonomists evaluate the design after it is frozen (or when it is about to be frozen) 
 
 As discussed earlier, the ‘in-design communication´ (C) is important, also between 
designers and ergonomists. Haslegrave et al [5] states that regular contacts and exchange of 
information between designers and ergonomists are vital; that there must be an ongoing dialogue 
between ergonomists and others involved in the design. 
 Another important element of the design activity is evaluation. Ideally this should be the 
straight forward process of identifying if set requirements are met or not, but in reality it is often 
about finding the best solution from a holistic view point, i.e. to assess design proposals in order 
to find the best balance between, often conflicting, requirements (such as safety, appearance, 
ergonomics, costs, manufacturability), that build up the best totality. This paper focuses on 
evaluation done by ergonomists, i.e. E and F in the list above, the centre of attention being the 
timing of the evaluation in the product development process. 
 
Exploration 
understanding the problem 
Generation 
finding a solution (a design proposal) 
Evaluation 
assessing the design proposal 
Pre-design-communication 
(e.g. by design requirements specification, design brief, ‘voice of 
the customer’, mission statement, target market specification…) 
Post-design-communication 
(normally using drawings, CAD, PDM) 
 
In-design 
communication 
 (e.g. interaction with other 
designers, experts, 
customers, manufacturing, 
product planning, project 
management, marketing 
using drawings, words, 
sketches, numbers, CAD, 
PDM, simulations, 
physical/virtual 
prototypes…) 
 
Communicative 
Environment 
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1.2 Timing of evaluation 
 Ha et al [6] state that if a design is evaluated too often, too much time is spent on 
evaluation - time that instead could be spent on design. However, infrequent evaluations  
increase the risk of design mistakes going undetected [6]. A difficulty is to find the appropriate 
timing of evaluations. Ideally, the design would need to be evaluated only once by the 
ergonomics expert(s). Accepting this hypothetical view, it is interesting to discuss when the 
evaluation ought to be performed. Should it be done as early as possible or as late as possible? It 
is plain to see pros and cons with both approaches. The advantages of evaluating something late 
in the design process, e.g. when functional prototypes of the car are built, is that it is easy to 
assess the design properly because ‘this is it’. The obvious disadvantage is that possible redesign 
(iteration) is time and cost consuming to carry out. ‘If only you informed me earlier’ would be an 
understandable response from a designer, indicating lack of communication at earlier stages of 
the design process. This being the situation, there is a risk that time and cost pressure affects 
priorities so that the iteration is cancelled, leading to the final outcome not meeting the set 
ergonomic requirements. The opposite, evaluating things very early in the design process, i.e. at 
the conceptual or embodiment stage, means that redesign is easy and relatively inexpensive to 
handle. The drawback is that there is a risk of the assessment not being valid if the design is 
altered afterwards, i.e. the evaluation is performed on something that ‘is probably not it’. 
 
1.3 Overlapping strategies 
Rapid time to market, i.e. a quick product planning and development process, is a goal for 
many companies in order to quickly respond to, and gain from, opened market opportunities. 
One approach to enable this is to perform product development activities more concurrently, 
meaning that tasks are overlapped to some degree. However, not all tasks are appropriate to 
overlap. Krishnan et al [7] states that without careful management of task overlapping the 
development effort and cost may even increase and product quality decrease. In the same article 
a conceptual framework is presented which supports the identification of how and when to 
overlap tasks by using qualitative inputs; a more sophisticated approach than the common, but 
often shown to be false, recommendation to simply overlap tasks as much as possible [7]. 
 The overlapping approach is employed here in an attempt to enable identification of when 
and how the vehicle design activity and ergonomics expert evaluation activity can be overlapped 
(Figure 2), i.e. when is the appropriate timing for the transfer of design information? Must the 
design be frozen to be worthwhile to evaluate, or can it be done or begun earlier? To clarify, 
‘design of X’ stands for the design of components or sub-systems related to what is about to be 
evaluated, e.g. the design of parts affecting the adjusting possibilities for the driver position or 
the text messages presented to the driver by a in-vehicle computer system. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Overlapping design of X and ergonomic evaluation. 
 
Ergonomic 
evaluation 
 
Design of X 
? 
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 By being able to perform valid ergonomic evaluations earlier, the intention is to ease 
iterations by giving feedback earlier in the design process towards conceptual or embodiment 
stages where alterations of the design are easier and less costly to manage. Iteration can be 
described as the repetition of tasks in order to refine a design, and may be due to the design 
failing to meet set requirements, or because of the arrival of new information or understanding. 
 Another objective is to enable ‘ticking-off’ issues, as early as possible to facilitate time and 
focus being spent at complex cases and to reduce the likelihood of an overload situation at the 
end of the product development process by spreading out activities. Figure 3 illustrates this, 
where the objective is to move from curve A towards curve B. 
 
 
 
 
 
 
 
 
 
Figure 3. Strive towards earlier evaluations. 
 
 
 By looking at the characteristics of the two related activities (design of X and ergonomics 
evaluation of X) it is possible to recognize when the evaluation can be valid even though the 
design is still not frozen. This is done by looking at the extremes of upstream information 
evolution (slow – fast) as well as the extremes of downstream iteration sensitivity (low – high) 
(Figure 4). This overlapping framework is based on the research done by Krishnan et al [7]. To 
clarify, upstream activity equates here to design of X and downstream activity equates to 
ergonomic evaluation of X. Evolution relates to how quickly the designer(s) come(s) close to 
final results or ‘good guesses’. Sensitivity relates to what degree design alterations affect 
evaluation activities in duration, e.g. ‘is it any idea to start with preliminary results?’, ‘is it a big 
deal if the design is changed after the evaluation?’, ‘do we have to do the evaluation all over 
again?’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Information evolution and change sensibility (after [7]). 
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2. METHOD 
 
 Based on the co-operating company’s method for ergonomic evaluation, a list of 39 
‘issues’ (or tasks), were identified, e.g. loading/unloading of luggage compartment or cruise 
control functionality. These 39 issues are considered to be a representative selection of tasks that 
is evaluated by ergonomists in a car development project. In order to associate the tasks to the 
overlapping framework a product development professional was interviewed as recommended 
by Krishnan et al [7]. The interviewed person is manager of the ergonomics department at the 
co-operating company and has many years’ experience from several car development projects. 
 Brief interviews were also conducted with two persons at the ergonomics department that 
are using computer tools to assist some of the tasks performed in their daily activities. One 
person mainly works with physical ergonomics using a human modelling system (HMS) which 
assists visualisation and evaluation of ergonomic issues such as fit, reach, posture and visual 
field. The other person mainly works with cognitive ergonomics using a human-machine 
interface (HMI) simulation system, which assists visualisation and evaluation of interface logics. 
The same issues were used as the interview structure as for the interview considering 
overlapping. The persons were asked to indicate if computer tools assisted the related work 
today. If not, they were asked to indicate their opinion of any potential to utilise computer tools 
for that task in the future. 
 
 
3. RESULTS 
 
The identification of combinations of upstream information evolution and downstream 
sensitivity of the 39 issues considered in this survey gave following result: 
Fast evolution – low sensitivity 16 (41.0 %) 
Fast evolution – high sensitivity 6 (15.4 %) 
Slow evolution – low sensitivity 4 (10.3 %) 
Slow evolution – high sensitivity 13 (33.3 %) 
 
To demonstrate this in the context of ergonomic evaluation, four illustrative examples of 
evolution and sensitivity combinations are selected (Figure 5). 
 
 Upstream Evolution Downstream Sensitivity  
Issue to 
evaluate 
 
 
 
 
 
 
 
   
Computer 
tool 
U=used 
P=potential 
Driver position 
adjustability √  √  U 
Comfort controls 
cruise  √  √ P 
Information 
system 
text messages 
 √ √  U 
Luggage 
compartment 
load/unload 
√   √ P 
Figure 5. Four illustrative examples of evolution and sensitivity combinations. 
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The overlapping framework recommends different overlapping strategies for different 
combinations [7]. The issue Driver position – adjustability was identified to be closest to the 
combination fast evolution – low sensitivity. In this case, distributive overlapping is the 
recommended overlapping type [7] (Figure 6). This means that the overlapping starts with 
preliminary information exchange (since the sensitivity is low) and when information gets 
finalised it is distributed to the downstream task. In this case, there are good conditions for 
effective overlapping. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Distributive overlapping recommended for Driver position - adjustability. 
 
The issue Comfort controls - cruise was identified to be closest to the combination slow 
evolution – high sensitivity. In this case, divisive overlapping, or no overlapping, is 
recommended [7] (Figure 7). This means that it is not a good idea to exchange preliminary 
information (since the sensitivity is high), hence information is exchanged when it is finalised. In 
this case it is hard to overlap. Either the tasks are done serially or the tasks are divided into sub-
projects. It might be worthwhile to search for elements that are evolving faster and/or for 
elements that have a lower sensitivity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Divisive or no overlapping recommended for Comfort controls - cruise. 
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The issue Information system – text messages was identified to be closest to the combination 
slow evolution – low sensitivity. In this case, iterative overlapping is recommended [7] (Figure 
8). This means that the overlapping starts with preliminary information exchange and when 
information is finalised it is exchanged to the downstream task. In this case there can be effective 
overlapping. Ergonomic evaluation can start by using preliminary information. If the final 
information is altered it is no big deal to reconsider the evaluation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Iterative overlapping recommended for Information system – text messages. 
 
The issue Luggage compartment – load/unload was identified to be closest to the combination 
fast evolution – high sensitivity. In this case, pre-emptive overlapping is recommended [7] 
(Figure 9). This means that finalised information, or very good guesses that are most likely to be 
correct, is exchanged even though the design activity is not actually closed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Pre-emptive overlapping recommended for Luggage compartment – load/unload. 
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4. DISCUSSION 
 
As discussed by Porter et al [8], ergonomics evaluation often comes late in the design process, 
typically not performed until physical mock-ups are produced. This may lead to expensive and 
cumbersome iterations, or to reductions of the final product quality due to low priority of 
meeting set ergonomic requirements. Computer aided design (CAD) is intensively used for 
design in the automotive industry. Performance and usability of computers and software are 
improving at a rapid pace, which enables CAD to be employed even more intensively. This 
encourages a digital design process where expensive, inflexible and time consuming physical 
mock-ups are only built towards the end of the design process. This incorporates the risk that 
ergonomic evaluation (with the use of the physical mock-up) will be put back ever further. A 
way to treat this problem is to enable ergonomics to be evaluated in a virtual product. For this, 
human modelling systems (HMS), such as SAMMIE (Figure 10), JACK, RAMSIS or 
SAFEWORKS can be used to visualise and evaluate issues as fit, reach, posture and visual field. 
However, in many cases, evaluation made in a physical prototype is unbeatable in establishing 
ergonomic conditions. So, based on issues such as time, cost and quality, a difficulty is to define 
what and when to evaluate in virtual or real products. 
 In the process of defining timing of evaluations, this initial study indicates that the 
principle of studying upstream information evolution and downstream sensitivity of related tasks 
looks feasible in the context of ergonomics integration. It might improve work by making 
iterations easier and help managing projects so that time it is spent on doing ‘right things’, in 
addition to do ‘things right’. As a complement to the important ongoing dialogue between 
designers and ergonomists there also needs to be a defined structure of activities carried out, 
such as ergonomists’ formal approval of design proposals. For this the overlapping strategies are 
believed to be of assistance.  
 However, it is arguable how right the identification of evolution and sensitivity is when 
looking at extremes only. There might be small differences that influence what extreme to 
choose, which have large influences on recommended overlapping type. More studies needs to 
be done of what these overlapping recommendations actually consist of in a real car 
development project. Additional suggested studies would be to identify characteristics of the 
different evolution and sensitivity types, i.e. to try to see if there are typical conditions that make 
evolution of information fast or slow, or sensitivity to this information high or low. Another 
issue would be to look into in what way computer tools such as HMS software can support the 
aim to move evaluations earlier in the development process. For example, to identify what kind 
evaluations can be done adequately in a computer model. This would be essential for cases 
where the car only exists as a computer model. 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Human modelling system used in automotive design (SAMMIE). 
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